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(57) ABSTRACT 
A data processing device such as an IC card is switchable 
betWeen a terminal mode in Which drive electric poWer and 
signals are supplied via exposed connection terminals and an 
RF mode in Which drive electric poWer and signals are 
supplied via built-in antennas. The data processing device 
has an internal circuit for being supplied With drive electric 
poWer and signals from either the connection terminals or 
the antennas depending on the mode to Which the internal 
circuit has been set. The internal circuit typically comprises 
a microprocessor. The data processing device also has a 
mode detector for setting the internal circuit to the RF mode 
in response to a predetermined radio Wave applied to the 
antennas and setting the internal circuit to the terminal mode 
in response to a reset signal applied to a reset terminal Which 
is one of the connection terminals. 

13 Claims, 6 Drawing Sheets 

110 

/ 

ISD/RF_B 
Reg. urn/off 



U.S. Patent Aug. 16,2005 Sheet 1 6f 6 US 6,931,234 B1 

100 

110 / 101 
\ J 

x / 

1' ‘ ISO/ RF B 
( DET_WAVE 

111 Reg. On/off 109 

\ /\-/’ 
Clock ,/ 

T3 , 

m 132-2 
- y \l/ / 

DATA Ir1ter11a1 
RF Circuit \Il clfclllt 

RESET ’ '5,‘ 
m 

CLK ( 108 132-3 

104 \ 

RESET_B VDD 
105 

FIG. 1 



U.S. Patent Aug. 16,2005 Sheet 2 6f 6 US 6,931,234 B1 

110 

121 126 127 111 124 

130 TI) 
104 __,_ :> ISg/RFji/ ff 

, eg. on o 

RESE'ILn 1 
: 128 
I 

. l-L-mm WAVE 
: ..... ......>...,_.§ _ I e 1 

' 122 —->C K ‘‘‘‘‘ __ 1 

107% R ........... .. : 
"i 1 - 123 1 

i' = I l 
l l 

l I 
_ _ _ _ _ “ _ _ _ _ _ _ _ _ _ _ ' - _ - _ _ _ _ _ _ _ _ _ ' 4 Reset 

1113 w s1gna1 
[ ( 

107/17-l POR $114 131 
" C a‘ > VDD 

VDD F Shunt 
112 / Reg. 



U.S. Patent Aug. 16,2005 Sheet 3 6f 6 US 6,931,234 B1 

VDD % 
109 

116\ X, /\/ 2 Internal 
1 15 \ circuit 

Reg. on/off —| 
<-—-—GND 

f 
1 1 2 

FIG. 3 

Node A 

Node B 

FIG. 4 



U.S. Patent Aug. 16,2005 Sheet 4 6f 6 US 6,931,234 B1 

Node A 

Node 8 

Internal 
VDD 

POR 

RESET_B 

Reg. on/off 

DET_WAVE 

Undefined 
FIG. 5 

von RESET_B ' | 

FOR ‘ 

lSO/RF_B 1 

Reg. on/offgg 

F/F® DET_WAVE 

FIG. 6 



U.S. Patent Aug. 16,2005 Sheet 5 6f 6 US 6,931,234 B1 

Node A .5 " , 

Node B 

VDD 

POR 

RESET__B 

lSO/RF_B 

Reg. on/off 

F/F@ 

DET_WAVE 

', Undefined 

FIG. 7 



U.S. Patent Aug. 16,2005 Sheet 6 6f 6 US 6,931,234 B1 

v00 RESET_B | 

FOR 

X 
- 
- 

Reg. on/offé 
F/F® 

DET_WAVE 

FIG. 8 



US 6,931,234 B1 
1 

DATA PROCESSING DEVICE AND METHOD 
OF CONTROLLING OPERATION OF DATA 

PROCESSING DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a data processing device 

such as an IC (Integrated Circuit) card, and more particularly 
to a data processing device having a connection terminal for 
a Wired connection and an antenna for a radio connection 
and sWitchable betWeen the use of the connection terminal 
and the use of the antenna, and a method of controlling 
operation of the data processing device. 

2. Description of the Related Art 
IC cards are available as one type of portable data 

processing devices. IC cards are Widely used in many 
applications as prepaid cards for public telephone sets, 
identi?cation cards for entering and leaving rooms, and 
mediums for electronic money. An IC card comprises an 
integrated circuit made up of a microprocessor, a memory, 
etc. and embedded in a plastic card. There have been 
developed three types of IC cards, i.e., contact cards, con 
tactless cards, and combined cards, that are selectively used 
depending on the form of signal and poWer transmission to 
and from an external circuit. 

The contact IC cards have a plurality of exposed connec 
tion terminals. When a contact IC card is inserted into a card 
reader, the connection terminals of the contact IC card are 
brought into direct contact With connection terminals of the 
card reader. The card reader and the contact IC card are noW 
electrically connected to each other, alloWing drive electric 
poWer to be supplied from the card reader to the contact IC 
card and also alloWing various signals to be transmitted 
betWeen the card reader and the contact IC card, so that the 
microprocessor in the contact IC card can process data. 

The contactless IC cards have a radio antenna rather than 
exposed connection terminals. The radio antenna is used to 
send various signals to and receive various signals from the 
card reader via a radio Wave or electromagnetic Wave. The 
radio Wave from the card reader is also used to send electric 
poWer as Well as signals to the contactless IC card. The IC 
card extracts the signals and the drive electric poWer from 
the radio Wave that is received by the antenna. 

The combined IC cards have a combination of the func 
tions of contact and contactless IC cards. The combined IC 
cards have both a plurality of exposed connection terminals 
and an antenna. A combined IC card is selectively operable 
in tWo sWitchable modes, i.e., a terminal mode in Which it 
operates in the same manner as the contact IC card and an 

RF (Radio Frequency) mode in Which it operates in the same 
manner as the contactless IC card. 

The contact IC card provides better security than the 
contactless IC card because signals are exchanged betWeen 
itself and the card reader through a Wired connection. The 
contactless IC card can be handled more easily than the 
contact IC card since the contactless IC card is not required 
to be inserted into the card reader. The combined IC card can 
be handled easily and provides high security as it can 
transmit data requiring less security via a contactless con 
nection. 
As described above, the combined IC card needs to be 

sWitched betWeen the terminal mode and the RF mode. 
Japanese laid-open patent publication No. 3-209592 (JP, 
03209592, A) discloses that the voltage level of drive 
electric poWer applied to one of connection terminals and 
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2 
the voltage level of drive electric poWer extracted from a 
radio Wave supplied from the antenna are compared With 
each other, and one of the terminal mode and the RF mode 
is selected based on the result of the comparison. Since the 
voltage levels are generally compared With each other by an 
analog circuit such as a comparator for mode sWitching, the 
mode sWitching process is performed under analog control. 
The mode sWitching process under analog control is prob 
lematic in that it is not a clear-cut process. Speci?cally, 
control conditions for mode sWitching tend to vary due to 
errors and variations in diffusing conditions in the fabrica 
tion of semiconductor integrated circuits contained in the 
combined IC card. 

In actual usage of the combined IC card, When electro 
magnetic noise is received by the antenna, the mode of 
operation of the combined IC card may possibly sWitch to 
the RF mode unexpectedly. If the user, not knoWing that the 
combined IC card is in the RF mode, inserts the combined 
IC card into a terminal-mode card reader, then the combined 
IC card may possibly malfunction. Alternatively, even if the 
combined IC card inserted in a terminal-mode card reader 
normally operates in the terminal mode, the mode of opera 
tion of the combined IC card may sWitch to the RF mode due 
to extraneous electromagnetic noise, causing the combined 
IC card to suffer malfunctioning. 

In order to prevent such malfunctioning, the combined IC 
cards are designed With care not to operate With radio inputs 
that do not meet IC card standards. HoWever, because a 
portable terminal-mode card reader is available in the art, a 
combined IC card thus designed may still be caused to 
malfunction When the user inserts the combined IC card into 
such a portable terminal-mode card reader that is carried by 
the user, Without recogniZing the presence of an RF-mode 
card reader that is installed nearby. 
As described above, When an input is applied to the 

antenna of a combined IC card and an input is also applied 
to the connection terminals thereof at the same time, those 
simultaneously applied inputs may cause the IC card to 
malfunction and fail. The manufacturer of the combined IC 
card cannot identify the cause of such malfunctioning and 
failure because the manufacturer ?nds it difficult to con?rm 
the environment in Which the user uses the combined IC 
card. 

In the RF mode, the combined IC card extracts drive 
electric poWer from a received radio Wave. Therefore, When 
excessive electromagnetic noise is applied to the antenna, it 
may produce an unduly high drive voltage Which tends to 
destroy the internal circuit of the IC card. One solution is to 
insert a shunt regulator in the supply path of drive electric 
poWer in the combined IC card. HoWever, the shunt regu 
lator is disadvantageous in that it Wastes part of the drive 
electric poWer that is stably supplied from a connection 
terminal When the combined IC card is in the terminal mode. 

General combined IC cards have an RF circuit for pro 
cessing signals that are supplied via the antenna in the RF 
mode. The RF circuit has such characteristics that When the 
drive voltage thereof is higher, the communication range of 
the RF circuit is smaller. For this reason, if a combined IC 
card extracts a high drive voltage from a signal supplied via 
the antenna, then the high drive voltage is reduced to a 
predetermined voltage by a shunt regulator. The combined 
IC card has a common feeding path for drive electric poWer 
supplied from the antenna and drive electric poWer supplied 
from a connection terminal. Consequently, the shunt regu 
lator causes an unnecessary voltage drop in the drive electric 
poWer supplied from the connection terminal. This problem 
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may be solved by turning on the shunt regulator in the RF 
mode and turning off the shunt regulator in the terminal 
mode. However, it is difficult to protect the internal circuit 
of the combined IC card reliably While preventing an 
unnecessary voltage drop because extraneous electromag 
netic noise may possibly be applied via the antenna While the 
combined IC card is operating in the terminal mode. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a data processing device Which is capable of sWitching 
betWeen a terminal mode and an RF mode With a digital 
circuit only, can perform a clear-cut control process for 
sWitching betWeen those tWo modes, and is less susceptible 
to the effect of manufacturing errors. 

Another object of the present invention is to provide a 
data processing device Which is capable of recording the 
occurrence of an input in a mode of operation While the data 
processing device is operating in another mode of operation. 

Still another object of the present invention is to provide 
a data processing device Which prevents an unnecessary 
voltage drop in drive electric poWer supplied from an 
external circuit, and reliably prevents an internal circuit from 
being destroyed by extraneous electromagnetic noise. 

The above objects can be achieved by a data processing 
device comprising a plurality of connection terminals for 
establishing electric contact to receive signals and drive 
electric poWer, one of the connection terminals comprising 
a reset terminal, an antenna for receiving signals and drive 
electric poWer as a radio Wave, data processing means 
sWitchable betWeen a terminal mode for processing data 
based on an effective input signal applied to the connection 
terminals and an RF mode for processing data based on an 
effective input signal applied to the antenna, the data pro 
cessing means being supplied With the signals and drive 
electric poWer from one of the connection terminals and the 
antenna depending on one of the terminal mode and the RF 
mode Which is set, and mode sWitching means for setting the 
data processing means to the RF mode in response to a 
predetermined radio Wave applied to the antenna and setting 
the data processing means to the terminal mode in response 
to a reset signal applied to the reset terminal. 

The data processing device according to the present 
inventoin may typically comprise an IC card. 

In the data processing device, the data processing means 
is set to the RF mode in response to a predetermined radio 
Wave applied to the antenna, and is to the terminal mode in 
response to a reset signal applied via a Wired connection to 
the reset terminal. The reset signal applied to the reset 
terminal can be detected Without the need for an analog 
circuit such as a comparator for detecting a slight voltage 
difference. The sWitching betWeen the modes of the data 
processing means can be achieved by a digital circuit only. 
Therefore, the data processing device has a clear-cut control 
process for sWitching betWeen the tWo modes. Furthermore, 
the data processing device has operation characteristics 
prevented from varying due to errors and variations in the 
fabrication of integrated circuits contained in the data pro 
cessing device. 

The above and other objects, features, and advantages of 
the present invention Will become apparent from the fol 
loWing description With reference to the accompanying 
draWings Which illustrate an example of the present inven 
tion. 
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4 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an overall circuit arrange 
ment of an IC card according to a preferred embodiment of 
the present invention; 

FIG. 2 is a block diagram of an RF circuit in the IC card 
shoWn in FIG. 1; 

FIG. 3 is a circuit diagram of an equivalent circuit of a 
shunt regulator; 

FIG. 4 is a diagram shoWing the Waveforms of radio 
inputs applied to an antenna; 

FIG. 5 is a timing chart of various signals When the IC 
card sWitches to an RF mode based on an input applied to the 

antenna; 
FIG. 6 is a timing chart of various signals When the IC 

card sWitches to a terminal mode based on an input applied 
to a connection terminal; 

FIG. 7 is a timing chart of various signals When an input 
is applied via the connection terminal When the IC card is in 
the RF mode; and 

FIG. 8 is a timing chart of various signals When an input 
is applied via the antenna When the IC card is in the terminal 
mode. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 shoWs IC card 100 constructed as a data processing 
device according to a preferred embodiment of the present 
invention. IC card 100 is a combined IC card that operates 
selectively in tWo modes, i.e., a terminal mode and an RF 
mode. IC card 100 is formed as a plastic card that is 
removably insertable in a card reader (not shoWn) that is 
used When IC card 100 is in the terminal mode. IC card 100 
has microprocessor 101 as its main component. IC card 100 
also has a plurality of connection terminals on an outer 
exposed surface thereof. When IC card 100 is inserted into 
a terminal-mode card reader, the connection terminals of IC 
card 100 are brought into contact With and electrically 
connected to respective connection terminals in the card 
reader. In FIG. 1, the connection terminals of IC card 100 
include ?ve connection terminals 102 to 106. Connection 
terminal 102 is supplied With clock signal “CLK”, connec 
tion terminal 103 With processing data “DATA”, connection 
terminal 104 With reset signal “RESETiB”, connection 
terminal 105 With drive voltage “VDD”, and connection 
terminal 106 With ground potential “GND”. When IC card 
100 is inserted into the terminal-mode card reader, connec 
tion terminals 102 to 106 of IC card 100 electrically contact 
the respective connection terminals in the card reader, so that 
drive electric poWer is supplied from the card reader to IC 
card 100 and various signals are exchanged betWeen the card 
reader and IC card 100 through the established electric 
contact. 

IC card 100 also has a pair of antennas 107, each 
comprising an inductive coil, for performing radio-Wave 
communications With an RF-mode card reader (not shoWn). 
One of antennas 107 is connected to node A, Whereas the 
other antenna 107 is connected to node B. A radio format 
used in the RF mode is in accordance With standards of 
ISO/IEC 14443-2 (ISO=International StandardiZation Orga 
niZation; IEC=International Electrotechnical Commission), 
and contains a clock signal, processing data, and drive 
electric poWer that are superimposed. 

IC card 100 has internal circuit 109 as a data processing 
means. Internal circuit 109 comprises a CPU (Central Pro 
cessing Unit) and various peripheral circuits. Internal circuit 
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109 is energized by drive electric power supplied via the 
corresponding connection terminal or the corresponding 
antenna, and performs various data processing on various 
signals supplied via the corresponding connection terminal 
or the corresponding antenna. 

Antennas 107 are connected to RF circuit 110 Which has, 
as shoWn in FIG. 2, mode detector 111 for sWitching 
betWeen the modes, shunt regulator 112 for limiting elec 
tronic poWer, poWer extractor 113 for extracting electronic 
poWer, and FOR (PoWer On Reset) circuit 114 for resetting 
the ovaeall circuits in IC card 100 When these circuits are 
turned on. 

PoWer extractor 113 is connected to antennas 107, and 
extracts drive electric poWer from a radio Wave supplied 
from each of antennas 107. PoWer extractor 113 has an 
output terminal connected to connection terminal 105 at 
node C connected to internal circuit 109, so that drive 
electric poWer extracted from a radio Wave by poWer extrac 
tor 113 and drive electric poWer supplied via connection 
terminal 105 can be supplied to internal circuit 109. Shunt 
regulator 112 is inserted betWeen node C and the ground, 
and loWers the voltage of the drive electric poWer extracted 
from a radio Wave received by each of antennas 107 to a 
predetermined voltage. As shoWn in FIG. 3, shunt regulator 
112 has regulator device 116 comprising a constant-voltage 
diode or the like and n-channel sWitching transistor 115 
connected in series thereto. Shunt regulator 112 is sWitching 
into and out of operation by an on/off signal applied to the 
gate of n-channel sWitching transistor 115. When n-channel 
sWitching transistor 115 is not conductive, shunt regulator 
112 does not operate, alloWing the drive electric poWer 
applied to connection terminal 105 to be supplied directly to 
internal circuit 109. 
As shoWn in FIG. 2, FOR circuit 114 has an input terminal 

connected to node C. When the drive electric poWer applied 
from poWer extractor 113 or connection terminal 105 to 
POR circuit 114 reaches a predetermined voltage, POR 
circuit 114 outputs a POR signal Which is a one-shot signal 
to mode detector 111. 
Mode detector 111 comprises level detector 121, buffer 

122 for extracting a clock signal, data holder 123, and 
decoder 124 for controlling a voltage limiting process. 

Level detector 121 comprises inverter 125 and a pair of 
NAND gates 126 Which make up an RS ?ip-?op. Level 
detector 121 is reset by a reset signal supplied from con 
nection terminal 104 and the POR signal supplied from POR 
circuit 114, and outputs mode sWitching signal “ISO/RFiB” 
for internal circuit 109. Level detector 121 thus constructed 
changes the operation mode of internal circuit 109 to the RF 
mode in response to an input applied to antennas 107 and to 
the terminal mode in response to a reset signal applied to 
connection terminal 104. 
More speci?cally, pull-up resistor 130 connected to a 

poWer line in IC card 100 is connected to connection 
terminal 104. When a resent signal as a “0” potential or a 
loW potential is not applied from an external source to 
connection terminal 104, or connection terminal 104 itself is 
open, connection terminal 104 is maintained at a “1” poten 
tial or a high-level potential. Therefore, When the POR 
signal is applied to level detector 121 While a reset signal at 
“0” level is not being applied to connection terminal 104, 
level detector 121 outputs “0” as mode sWitching signal 
“ISO/RFiB”, indicating the RF mode. When the reset 
signal at “0” level is applied to connection terminal 104 
regardless of Whether the POR signal is applied or not, level 
detector 121 outputs “1” as the mode sWitching signal 
“ISO/RFiB”, indicating the terminal mode. 
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6 
Buffer 122 ampli?es a signal supplied from antenna 107 

connected to node A and extracts a clock signal correspond 
ing to the frequency of the supplied signal. Data holder 123, 
Which comprises a D-type ?ip-?op, outputs the mode 
sWitching signal supplied from mode detector 121 each time 
the clock signal is supplied from buffer 122, and is reset 
When the POR signal is supplied from POR circuit 114. 
Although not shoWn, a clock signal and communication data 
to be supplied to internal circuit 109 are also extracted from 
antenna 107 connected to node A. 
Decoder 124 comprises inverter 127, OR gate 128, and 

AND gate 129. Decoder 124 outputs on/off signal “Reg 
ON/OFF” for turning on and off shunt regulator 112 depend 
ing on mode sWitching signal “ISO/RFiB” supplied from 
level detector 121 and the data held by data holder 123. 
More speci?cally, When the RF mode is set by level detector 
121, inverter 127 and OR gate 128 output an “on” signal to 
sWitching transistor 115 of shunt regulator 112, turning on 
shunt regulator 112. When the terminal mode is set, inverter 
127 and OR gate 128 output an “off” signal to sWitching 
transistor 115, turning off shunt regulator 112. HoWever, if 
a radio Wave Whose intensity level is in excess of a prede 
termined level is applied to antennas 107 When the terminal 
mode is set and inverter 127 and OR gate 128 output an “off” 
signal, then since buffer 122 generates a clock signal, the 
output signal from data holder 123 is inverted. At this time, 
mode sWitching signal “ISO/RFiB” remains to be “1” 
indicating the terminal mode, but on/off signal “Reg 
ON/OFF” is turned on, thus turning on shunt regulator 112 
While internal circuit 109 remains in the terminal mode. 

If a radio Wave is applied to antennas 107 While no reset 
signal is applied to connection terminal 104, AND gate 129 
of decoder 124 outputs “0” as input detecting signal 
“DETiWAVE” to internal circuit 109. Similarly, if a reset 
signal is applied to connection terminal 104 When no radio 
Wave is applied to antennas 107, decoder 124 outputs “0” as 
input detecting signal “DETiWAVE”. Conversely, if a radio 
Wave is applied to antennas 107 When the terminal mode is 
set or if a reset signal is applied to connection terminal 104 
When the RF mode is set, then decoder 124 outputs “1” as 
input detecting signal “DETiWAVE”. 
When decoder 124 operates in the manner described 

above, internal circuit 109 is capable of recogniZing the 
occurrence of only an input supplied via antennas, the 
occurrence of only an input signal supplied via the connec 
tion terminal, the occurrence of an input signal supplied via 
the connection terminal during the occurrence of an input 
supplied via the antennas, and the occurrence of an input 
supplied via the antennas during the occurrence of an input 
signal supplied via the connection terminal, based on the 
combination of the operation mode set by mode sWitching 
signal “ISO/RFiB” and input detecting signal 
“DETiWAVE”. 

Reset signal generator 131 is connected to buffer 122. 
Reset signal generator 131 outputs a reset signal to internal 
circuit 109 When it is supplied With a clock signal extracted 
from a radio Wave applied to antennas 107. Reset signal 
generator 131 cancels the outputting of the reset signal 
When, for example, it counts the clock signal to a predeter 
mined count. 

In IC card 100, as shoWn in FIG. 1, mode sWitching signal 
“ISO/RFiB” and input detecting signal “DETiWAVE” 
Which are outputted from RF circuit 110 are transmitted 
directly to internal circuit 109. On/off signal “Reg ON/OFF” 
is transmitted to shunt regulator 112 (FIG. 2) and also 
transmitted directly to internal circuit 109. A clock signal 
supplied to internal circuit 109 is selected from a clock 



US 6,931,234 B1 
7 

signal outputted by RF circuit 110 or from clock signal CLK 
applied to connection terminal 102 by selector 132-1. Selec 
tor 132-2 selects communication data outputted from RF 
circuit 110 or communication data supplied to connection 
terminal 103, and transmits the selected communication data 
to internal circuit 109. Selector 132-3 selects the reset signal 
outputted from reset circuit 131 in RF circuit 110 or the reset 
signal applied to connection terminal 104 and supplied via 
RF circuit 110, and transmits the selected reset signal to 
internal circuit 109. Each of these selectors 132-1 to 132-3 
is controlled by mode sWitching signal “ISO/RFiB” out 
putted from RF circuit 110 to select and output one of the 
signal from RF circuit 110 and the signal from the connec 
tion terminal. 

IC card 100 thus constructed can be sWitched betWeen the 
tWo modes of operation, i.e., the RF mode and the terminal 
mode. In the RF mode, IC card 100 performs radio com 
munications With an RF-mode card reader, i.e., a contactless 
card reader. In the terminal mode, IC card 100 is inserted 
into a terminal-mode card reader, i.e., a contact card reader, 
and performs communications thereWith via Wired transmis 
sion. 

Operation of IC card 100 in the RF mode Will be 
described beloW. When IC card 100 is brought closely to the 
RF-mode card reader Within a given distance therefrom, 
rather than being inserted into the terminal-mode card 
reader, no input signals are applied to connection terminals 
102 to 106, but a radio input is applied to antennas 107. FIG. 
4 shoWs the Waveforms of signals at nodes A, B connected 
respectively to antennas 107. 
When antennas 107 receive the radio Wave, poWer extrac 

tor 113 extracts drive electric power from the radio Wave. 
When the drive electric poWer reaches a predetermined 
voltage, POR circuit 114 outputs a POR signal in the form 
of a one-shot pulse to level detector 121. At this time, since 
a reset signal at “0” level is not applied from connection 
terminal 104 to level detector 121, level detector 121 outputs 
“0” as mode sWitching signal “ISO/RFiB”, indicating the 
RF mode, to internal circuit 109 and selectors 132-1 to 
132-3. The supplied mode sWitching signal sets the opera 
tion mode to the RF mode in internal circuit 109, and 
sWitches selectors 132-1 to 132-3 to a state for transmitting 
various signals outputted from RF circuit 110 in response to 
radio inputs to internal circuit 109. 

Buffer 122 extracts a clock signal from the radio Wave 
applied to one of antennas 107, and, in response to the 
extracted clock signal, reset signal generator 131 outputs a 
reset signal for the RF mode to internal circuit 109. There 
fore, internal circuit 109 operating in the RF mode is reset 
by the reset signal. 

The output signal from data holder 123 Which is supplied 
With the above clock signal, the POR signal, and mode 
sWitching signal “ISO/RFiB” is maintained at “0”, and the 
held data from data holder 123 and mode sWitching signal 
“ISO/RFiB” are applied to decoder 124. Decoder 124 
applies on/off signal “Reg ON/OFF” to turn on shunt regu 
lator 112 of internal circuit 109. Shunt regulator 112 Which 
is turned on noW loWers the voltage of the drive electric 
poWer extracted from the radio Wave by poWer extractor 113 
and supplied to internal circuit 109 to a predetermined 
voltage. Since decoder 124 outputs “0” as input detecting 
signal “DETiWAVE” to internal circuit 109, internal circuit 
109 recogniZes that no input signals are supplied to the 
connection terminals, but only an input is applied to the 
antennas, With the RF mode being set. 
As described above, IC card 100 is set to the RF mode 

When a radio Wave is applied to antennas 107 While no input 
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8 
signals are supplied to connection terminals 102 to 106. At 
this time, since internal circuit 109 recogniZes that an input 
is supplied from the antennas, but no input signals are 
supplied from the connection terminals, IC card 100 reliably 
operates in the RF mode. 
The RF-mode card reader supplies the drive electric 

poWer to internal circuit 109 of IC card 100 based on the 
radio Wave. Since the drive electric poWer is supplied based 
on the radio Wave, the supply of the drive electric poWer is 
not stable. HoWever, because the voltage of the drive electric 
poWer in IC card 100 is kept at the predetermined voltage by 
shunt regulator 112, internal circuit 109 is protected against 
breakdoWn even When excessive electromagnetic noise is 
applied. 

Operation of IC card 100 in the terminal mode Will be 
described beloW. When IC card 100 is inserted into the 
terminal-mode card reader in the absence of undue electro 
magnetic noise, input signals are applied to connection 
terminals 102 to 106 While no radio input is applied to 
antennas 107. As shoWn in FIG. 6, drive electric poWer at a 
predetermined voltage is supplied to connection terminal 
105, and FOR circuit 114 outputs a POR signal in the form 
of a one-shot pulse to level detector 121 in response to the 
drive electric poWer. At this time, since a reset signal at “0” 
level is applied from connection terminal 104 to level 
detector 121, level detector 121 outputs “1” as mode sWitch 
ing signal “ISO/RFiB”, indicating the terminal mode, to 
internal circuit 109 and the selectors 132-1 to 132-3. 
As a result, the supplied mode sWitching signal sets the 

operation mode to the terminal mode in internal circuit 109, 
and sWitches selectors 132-1 to 132-3 to a state for trans 
mitting various signals applied in the terminal mode to 
connection terminals 102 to 104 to internal circuit 109. 
Connection terminals 102 to 104 supply a clock signal, 
processing data, and a reset signal, respectively, to internal 
circuit 109, Which, after being reset, processes the data in the 
terminal mode in response to the clock signal. 
At this time, the clock signal applied through a Wired 

connection is not supplied to data holder 123. Therefore, the 
output signal from data holder 123 Which is supplied With 
the POR signal and mode sWitching signal “ISO/RFiB” is 
maintained at “0”, and the held data from data holder 123 
and mode sWitching signal “ISO/RFiB” are applied to 
decoder 124. Decoder 124 applies on/off signal “Reg 
ON/OFF” to turn off shunt regulator 112 of internal circuit 
109. Shunt regulator 112 Which is turned off does not limit 
the drive electric poWer supplied to internal circuit 109. 
Since decoder 124 outputs “0” as input detecting signal 
“DETiWAVE” to internal circuit 109, internal circuit 109 
recogniZes that no input is applied to the antennas, but only 
input signals are supplied to the connection terminals, With 
the terminal mode being set. 
As described above, IC card 100 is set to the terminal 

mode When no radio input is applied to antennas 107 While 
input signals are supplied to connection terminals 102 to 
106. Since internal circuit 109 recogniZes that input signals 
are supplied from the connection terminals, but no input is 
supplied from the antennas, IC card 100 reliably operates in 
the terminal mode. While the drive electric poWer is stably 
supplied from the terminal-mode card reader to internal 
circuit 109, since the drive electric poWer is not limited by 
shunt regulator 112, the voltage of the stably supplied drive 
electric poWer is not unduly loWered by shunt regulator 112. 

If no drive electric poWer is supplied to connection 
terminal 105 and no radio input is applied to antennas 107, 
then since no drive electric poWer is supplied to IC card 100, 
the IC card 100 is neither in the RF mode nor in the terminal 
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mode, and is not in operation. If drive electric power is then 
supplied from one or both of connection terminal 105 and 
antenna 107, then in absence of a reset signal to connection 
terminal 104, the POR signal from POR circuit 114 sets 
mode switching signal “ISO/RFiB” to “0”, setting internal 
circuit 109 to the RF mode. 

In this manner, if the application of a reset signal is not 
detected, then the operation mode of internal circuit 109 is 
preferentially set to the RF mode. Consequently, a radio 
wave applied at arbitrary timing to antennas 107 is reliably 
detected, allowing internal circuit 109 to be set reliably to 
the RF mode. 

It is possible that electromagnetic noise is applied to 
antennas 107 of IC card 100 while IC card 100 is being 
inserted in the terminal-mode card reader and operating in 
the terminal mode. It is also possible for the user to insert IC 
card 100 into the terminal-mode card reader in order to 
operate IC card 100 in the terminal mode when antennas 107 
have been receiving electromagnetic noise. Operation of IC 
card 100 at the time input signals are applied to both the 
connection terminals and the antennas will be described 
below. Inasmuch as internal circuit 109 in reality analyZes 
the details of inputs applied to antennas 107, IC card 100 
does not malfunction with general electromagnetic noise. It 
is therefore assumed that an RF-mode card reader which is 
not recogniZed by the user is present in the vicinity of IC 
card 100. 

When electromagnetic noise that is not expected by the 
user is applied to antennas 107 of IC card 100, IC card 100 
operates in the RF mode due to the applied electromagnetic 
noise as shown in FIG. 7. At this time, mode switching 
signal “ISO/RFiB” is set to “0”, operating internal circuit 
109 in the RF mode. On/off signal “Reg ON/OFF” turns on 
shunt regulator 112, and input detecting signal 
“DETiWAVE” is set to “0”, causing internal circuit 109 to 
recogniZe that only an input is supplied from antennas 107. 
When IC card 100 is then inserted into the terminal-mode 

card reader, input signals are applied to connection terminals 
102 to 106 while an input signal is being supplied from 
antennas 107. Connection terminal 105 supplies drive elec 
tric power at a predetermined voltage to POR circuit 114. 
Since POR circuit 114 has completed the outputting of the 
POR signal in response to the input from antennas 107, FOR 
circuit 114 does not output a new POR signal in response to 
the drive electric power from connection terminal 105. 
However, because connection terminal 104 applies a reset 
signal at “0” level to level detector 121, mode switching 
signal “ISO/RFiB” outputted from level detector 121 
changes from “0” indicative of the RF mode to “1” indica 
tive of the terminal mode, and is outputted to internal circuit 
109 and selectors 132-1 to 132-3. As a result, the operation 
mode of internal circuit 109 changes from the RF mode to 
the terminal mode, and selectors 132-1 to 132-3 switch to a 
state for transmitting various signals applied in the terminal 
mode to connection terminals 102 to 104 to internal circuit 
109. 

Inasmuch as the output signal from data holder 123 
changes from “0” to “1” in response to the change in mode 
switching signal “ISO/RFiB”, input detecting signal 
“DETiWAVE” outputted from decoder 124 to internal 
circuit 109 also changes from “0” to “1”. Internal circuit 109 
now recogniZes that an input signal has been produced for 
the terminal mode while IC card 100 is in the RF mode. 
Since On/off signal “Reg ON/OFF” outputted from decoder 
124 is in an “on” state, the voltage of the drive electric power 
extracted from the radio wave received by antenna 107 and 
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supplied to internal circuit 109 is kept at a predetermined 
voltage by shunt regulator 112. 
As described above, if input signals are applied to con 

nection terminals 102 to 106 when IC card 100 has been set 
to the RF mode by a radio input applied to antennas 107, IC 
card 100 is immediately switched to the terminal mode. 
Therefore, even if IC card 100 is malfunctioning due to 
unexpected electromagnetic noise or the like, IC card 100 
becomes operational normally when it is inserted into the 
terminal-mode card reader by the user. 

The electromagnetic noise may possibly continue to be 
applied to IC card 100 when IC card 100 thus operates 
normally. However, if the operation mode of IC card 100 
changes to the terminal mode when it has been operating in 
the RF mode, then since shunt regulator 112 continuously 
operates, internal circuit 109 is protected against breakdown 
due to excessive drive electric power produced by the 
electromagnetic noise. 

Operation of IC card 100 at the time electromagnetic 
noise is applied to antennas 107 while IC card 100 is inserted 
in the terminal-mode card reader and operating in the 
terminal mode with no input being applied to antennas 107 
will be described below. At this time, as shown in FIG. 8, IC 
card 100 initially operates in the terminal mode in response 
to input signals applied to connection terminals 102 to 106. 
Mode switching signal “ISO/RFiB” is at “1” level, oper 
ating internal circuit 109 in the terminal mode, on/off signal 
“Reg ON/OFF” turns off shunt regulator 112, and the input 
detecting signal “DETiWAVE” is set to “0”, causing inter 
nal circuit 109 to recogniZe that only input signals are 
applied to connection terminals 102 to 106. 

When electromagnetic noise is applied to antennas 107, 
the power extractor extracts drive electric power from the 
electromagnetic noise. Since POR circuit 114 has completed 
the outputting of the POR signal in response to the input 
signals from the connection terminals, POR circuit 114 does 
not output a new POR signal in response to a radio input 
signal. The reset signal supplied from connection terminal 
104 to level detector 121 is maintained at “0”, and mode 
switching signal “ISO/RFiB” outputted from level detector 
121 is maintained at “1” indicative of the terminal mode. 
Consequently, internal circuit 109 is maintained in the 
terminal mode. Mode switching signal “ISO/RFiB” sup 
plied to data holder 123 remains unchanged. A clock signal 
extracted from the electromagnetic noise starts being applied 
to data holder 120, which inverts the held data outputted 
therefrom to internal circuit 109. Input detecting signal 
“DETiWAVE” outputted from decoder 124 to internal 
circuit 109 also changes from “0” to “1”. As a result, internal 
circuit 109 recogniZes that an input has been produced for 
the RF mode while IC card 100 is in the terminal mode. 

Since on/off signal “Reg ON/OFF” outputted from 
decoder 124 changes from an “off” state to an “on” state, the 
voltage of the excessive drive electric power extracted from 
the electromagnetic noise and supplied to internal circuit 
109 is lowered to a predetermined voltage by shunt regulator 
112. 

Consequently, even if electromagnetic noise is applied to 
antennas 107 when IC card 100 has been set to the terminal 
mode by input signals applied to connection terminals 102 
to 106, IC card 100 continuously operate in the terminal 
mode. Therefore, IC card 100 as it is inserted in the 
terminal-mode card reader by the user remains operational 
in the terminal mode even when unexpected electromagnetic 
noise is applied to antennas 107. When electromagnetic 
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noise is applied to antennas 107 While IC card 100 is 
operating in the terminal mode, shunt regulator 112 is 
immediately turned on With IC card 100 continuing to 
operate in the terminal mode. Thus, internal circuit 109 is 
protected against breakdown due to excessive drive electric 
poWer produced by the electromagnetic noise. 
As described above, IC card 100 can sWitch betWeen the 

RF mode and the terminal mode depending on an input to 
the antennas and input signals to the connection terminals. 
When IC card 100 is set to one of the modes, even if an input 
signal is produced for the other mode, IC card 100 is set to 
an appropriate mode. Particularly, since the sWitching 
betWeen the tWo modes is performed based on Whether a 
reset signal is applied to connection terminal 104 or not, no 
analog operation such as voltage comparison is required for 
mode sWitching. Consequently, IC card 100 performs a 
clear-cut control process for mode sWitching, and the control 
process does not vary due to errors and variations in diffus 
ing conditions in the fabrication of semiconductor integrated 
circuits contained in IC card 100. IC card 100 is capable of 
recogniZing that the RF mode and the terminal mode are set 
depending on an input signal to either the antennas or the 
connection terminals, the operation mode has changed to the 
terminal mode While IC card 100 is operating in the RF 
mode, and an input is applied to the antennas While IC card 
100 is operating in the terminal mode. Therefore, internal 
circuit 109 can detect and record input signals different from 
ordinary input signals, and the recorded input signals can be 
used to ?nd out causes of malfunctions and failures. When 
an input is applied to the antennas, IC card 100 immediately 
turns on shunt regulator 112 irrespective of Whether IC card 
100 is presently set to the RF mode or the terminal mode. 
Consequently, internal circuit 109 is reliably protected 
against destruction due to an excessive voltage produced 
from electromagnetic noise. 

While combined IC card 100 has been illustrated as the 
data processing device, the principles of the present inven 
tion are also applicable to various devices Which are capable 
of sWitching betWeen the RF mode and the terminal mode. 

While a preferred embodiment of the present invention 
has been described using speci?c terms, such description is 
for illustrative purposes only, and it is to be understood that 
changes and variations may be made Without departing from 
the spirit or scope of the folloWing claims. 

What is claimed is: 
1. A data processing device comprising: 
a plurality of connection terminals for establishing elec 

tric contact to receive signals and drive electric poWer, 
one of said connection terminals comprising a reset 

terminal; 
an antenna for receiving signals and drive electric poWer 

as a radio Wave; 

data processing means sWitchable betWeen a terminal 
mode for processing data based on an effective input 
signal applied to said connection terminals and an RF 
mode for processing data based on an effective input 
signal applied to said antenna, said data processing 
means being supplied With said signals and drive 
electric poWer from one of said connection terminals 
and said antenna depending on one of said terminal 
mode and said RF mode Which is set; and 

mode sWitching means for setting said data processing 
means to said RF mode in response to a predetermined 
radio Wave applied to said antenna and setting said data 
processing means to said terminal mode in response to 
a reset signal applied to said reset terminal. 
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2. Adata processing device according to claim 1, Wherein 

said mode sWitching means comprises means for setting said 
data processing means to said RF mode When no reset signal 
is detected. 

3. Adata processing device according to claim 1, Wherein 
said mode sWitching means comprises means for detecting 
Whether the reset signal is applied to said reset terminal or 
not While said data processing means is being set to said RF 
mode. 

4. Adata processing device according to claim 2, Wherein 
said mode sWitching means comprises means for detecting 
Whether the reset signal is applied to said reset terminal or 
not While said data processing means is being set to said RF 
mode. 

5. A data processing device according to claim 4, further 
comprising a poWer line and a pull-up resistor, Wherein said 
reset terminal is connected to said poWer line through said 
pull-up resistor. 

6. Adata processing device according to claim 4, Wherein 
said mode sWitching means comprises means for setting said 
data processing means to said terminal mode When the reset 
signal applied to said reset terminal is detected even While 
said data processing means has been set to said RF mode in 
response to said predetermined radio Wave applied to said 
antenna. 

7. Adata processing device according to claim 1, Wherein 
said mode sWitching means comprises means for detecting 
said predetermined radio Wave applied to said antenna even 
While said data processing means has been set to said 
terminal mode. 

8. Adata processing device according to claim 4, Wherein 
said mode switching means comprises means for detecting 
said predetermined radio Wave applied to said antenna even 
While said data processing means has been set to said 
terminal mode. 

9. A data processing device according to claim 1, further 
comprising: 
poWer extracting means for extracting drive electric 

poWer from a radio Wave applied to said antenna; 
poWer limiting means for limiting voltage of the drive 

electric poWer extracted by said poWer extracting 
means to a predetermined voltage; and 

limiting control means for turning off said poWer limiting 
means When said data processing means has been set to 
said terminal mode. 

10. Adata processing device according to claim 4, further 
comprising: 
poWer extracting means for extracting drive electric 

poWer from a radio Wave applied to said antenna; 
poWer limiting means for limiting voltage of the drive 

electric poWer extracted by said poWer extracting 
means to a predetermined voltage; and 

limiting control means for turning off said poWer limiting 
means When said data processing means has been set to 
said terminal mode. 

11. A data processing device according to claim 9, 
Wherein said mode sWitching means comprises means for 
detecting an input signal applied to said antenna even While 
said data processing means has been set to said terminal 
mode, and said limiting control means comprises means for 
turning on said poWer limiting means if said mode sWitching 
means detects an input signal applied to said antenna When 
said data processing means has been set to said terminal 
mode and said poWer limiting means has been turned off. 

12. A data processing device according to claim 10, 
Wherein said mode sWitching means comprises means for 
detecting an input signal applied to said antenna even While 
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said data processing means has been set to said terminal 
mode, and said limiting control means comprises means for 
turning on said poWer limiting means if said mode sWitching 
means detects an input signal applied to said antenna When 
said data processing means has been set to said terminal 
mode and said poWer limiting means has been turned off. 

13. Amethod of controlling operation of a data processing 
device having a plurality of connection terminals for estab 
lishing electric contact to receive signals and drive electric 
poWer, one of said connection terminals comprising a reset 
terminal, an antenna for receiving signals and drive electric 
poWer as a radio Wave, and data processor sWitchable 
betWeen a terminal mode for processing data based on an 
effective input signal applied to said connection terminals 
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and an RF mode for processing data based on an effective 
input signal applied to said antenna, said data processor 
being supplied With said signals and drive electric poWer 
from one of said connection terminals and said antenna 
depending on one of said terminal mode and said RF mode 
Which is set, said method comprising the steps of: 

setting said data processor to said RF mode in response to 
a predetermined radio Wave applied to said antenna; 
and 

setting said data processor to said terminal mode in 
response to a reset signal applied to said reset terminal. 


